Erbium (5%mol) doped BaTiO 3 films were prepared using different metallic precursors: barium acetate, titanium butoxide and isopropoxide with different molar ratios. Three different experimental methodologies (A, B and C) were proposed in order to obtain optical quality thick films incorporating polyvinylpyrrolidone (PVP) as a rheological agent at the sol stage. In all cases, Er doped BaTiO 3 films were deposited in silica quartz substrates. The morphology was controlled by means of the incorporation of the chelating agent and water molar ratios. Through the three different synthesis routes, Er:BaTiO 3 films presented mainly the cubic phase, as observed by X-ray diffraction. The films presented a homogeneous and crack-free surface of cross-linked particles. Photoluminescent results show that the highest intensity emission of the Er 3+ ( 4 S 3/2 ¼ 4 I 15/2 ) was obtained from Er:BaTiO 3 film prepared using C methodology, which could be associated with the film's thicknesses.
Introduction
The evolution of nanotechnology has increased demands for portable computers, communication equipment and consumer electronic products in recent years. Nanotechnology has emerged as a technological alternative, which allows to fulfill special requirements as improve resolution and quality in devices that will soon become ubiquitous products in our homes, workplaces and elsewhere.
1,2) In particular, erbium-doped waveguides films have attracted much attention because of their use as optical amplifiers, which have been used in the detection of infrared radiation by converting the invisible light into the visible range where conventional detectors are effective also in optical storage, printing, display technology and medicine using up-conversion emission at 550 nm.
3,4) Furthermore, barium titanate (BaTiO 3 ) is a very useful host matrix for some applications because it does not absorb energy, allowing it to serve only for support of rare earth ions, which is very useful for these particular applications.
57) In particular, rare earth (RE) doped NIR-to-visible ceramic oxides represent an alternative and excellent substitute for traditional fluorescent applications. On the other hand, the solgel processing is a relatively easy and economical way for making uniform large sized, high quality stoichiometric thin film phosphors, which are especially useful for optical applications. 8, 9) A new solgel process using a high-concentration of alkoxide precursor solutions has proven to have a significant advantage in synthesizing thick-filmed ceramic materials.
10,11) By means of this method, transparent, crack-free BaTiO 3 monolithic gels and thin films have been successfully synthesized. 12, 13) However, the thickness of the films remains below 500 nm, and it is accepted that it is important to obtain a higher thickness in order to fulfill an optical quality for luminescent devices, 14) so, it is of high technological importance to increase this parameter. A possible alternative to producing high quality and of BaTiO 3 :Er 3+ films is to incorporate PVP (polyvinylpirrolidone: as rheological agent FW: 360000) during the solgel synthesis process. 15, 16) However, its effect in the morphological and luminescent properties is unclear; therefore, the present work studies, by means of three different experimental procedures, the effect of molar ratio and PVP on morphology and photoluminescent properties of Er-doped BaTiO 3 sol gel thin films.
Experimental Procedure
Experimental strategies for the elaboration of Er doped BaTiO 3 precursor solutions were carried out by means of three different procedures. The precursors employed were: barium acetate (Aldrich 99.999% (Ba (CH 3 COO) 2 )), titanium isopropoxide (Aldrich ²97%, (Ti[OCH(CH 3 ) 2 ] 4 )), titanium butoxide (Fluka ²97% (TiO[O(CH 2 ) 3 CH 3 ] 4 )), as source of barium and titanium respectively. Acetic acid (Aldrich, ²99% (CH 3 COOH)) and acetylacetone (Aldrich, ²99% (CH 3 COCH 2 COCH 3 )) were used as chelating agents with distilled water in order to promote hydrolysis, and Erbium nitrate (Alfa Aesar, 99.9% (Er(NO 3 ) 3 ·5H 2 O)) was used as dopant. The molar ratios and special conditions for each type of synthesis (A, B and C) are presented in Table 1 . The studied molar relationships correspond to the final results in which a stable sol was formed with varying different synthesis conditions. Synthesis A corresponds to a sol without water, synthesis B has an acetic acid excess, and synthesis C is a modification of the reported procedure 17) without the use of a different solvent (isopropanol) and
